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(54) Wafer tray and ceramic blade for semiconductor processing apparatus 



A semiconductor wafer processing system for 
processing wafers (22) from a wafer storage 
cassette (24) includes a wafer transfer chamber 
(14) ; a wafer storage elevator (20) within the 
transfer chamber ; one or more wafer proces- 
sing chambers (12) ; and a wafer transfer ap- 
paratus for transferring a wafer between a 
standard storage cassette adjacent and outside 
the transfer chamber and the elevator, and 
between the elevator and the processing cham- 
ber. The environment of the storage chamber 
varies in pressure between atmospheric when 
accepting wafers from outside, and a subatmos- 
pheric pressure when transferring wafers jto or 
from a processing chamber. The transfer ap- 
paratus includes a robot arm (16) ; a thin flat 
wafer carrying blade (18) at the leading end of 
the robot arm and configured for engaging a 
wafer from the storage cassette or the elevator; 
and a wafer support tray (40) which is config- 
ured for removable engagement with the blade 
and for engaging and positively positioning a 
wafer (22) from the elevator, or a support pedes- 
tal within a processing chamber. When the 
transfer apparatus moves a wafer between the 
elevator and a processing chamber in an 
evacuated environment, the tray is engaged 
with the blade and helps retain the wafer during 
transit. When wafers are transferred between 
the cassette and the elevator at atmospheric 
pressure the tray is disengaged from the blad 
and placed in a rest position on the elevator, 
and the wafer transfer is performed by means of 
the blade alone with a vacuum pick integral to 



the blade. The blade includes upper (18*) and 
lower (18") halves together with defining 
vacuum channels and capacitive position sen- 
sors. 
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This invention relates to semiconductor process- 
ing apparatus and more particularly to improved ap- 
paratus capable of transferring wafers within an evac- 
uated environment, or atmospheric environment, or 
between both environments. 5 

Semiconductor wafers are typically processed in 
vacuum processing systems. These systems include 
one or more chambers, each performing wafer proc- 
essing operations such as etching, chemical vapor 
deposition or physical vapor deposition, which often 10 
require heating or cooling of the wafer, and a plasma 
to assist the process. Typically the environment within 
such processing chambers is maintained at a low sub- 
atmospheric pressure. Each chamber includes inlets 
and outlets for evacuation apparatus and the admis- 15 
sion of processing gases, as well as an aperture con- 
trolled by a slit valve to admit wafers. Such processing 
chambers may in turn communicate with a wafer 
transfer chamber, and in turn the transfer chamber 
will have a valve-controlled aperture by which wafers 20 
can be admitted from outside the system. 

The transfer of a wafer to and from a chamber 
and to and from the outside of the system is generally 
done mechanically by means of a robot arm at the end 
of which is a wafer retaining means. There are two 25 
types of wafer retaining means used in the art. The 
first type is a flat blade through which a vacuum chan- 
nel is formed, terminating in an outlet. This is so that 
the blade can pick up a wafer by touching the surface 
containing the outlet, typically the upper surface of 30 
the blade, to the bottom surface of the wafer and ap- 
plying a vacuum, so as to cause the wafer to stick to 
the blade. The advantage of the flat vacuum blade 
pickup is that the blade, being flat and thin, can be rel- 
atively easily maneuvered between the tight spaces 35 
of a wafer storage cassette to pick up a wafer. 

There are two prominent disadvantages to the 
vacuum blade. First, since the blade pickup function 
relies on vacuum suction to hold a wafer in place, the 
blade pickup is completely ineffective for holding a 40 
wafer in an evacuated environment. Second, the con- 
struction of the vacuum blade is expensive, and the 
blade can break down under high temperature or cor- 
rosive conditions. The construction of the blade is 
typically an expensive multilayer laminate of metal 45 
and plastic bonded together with silicone rubber. 
These layers tend to separate or warp when contact- 
ed with a hot wafer, and the blade can corrode in the 
presence of corrosive wafer processing gases. 

To overcome the disadvantages of the flat va- so 
cuum blade, a shoe attached to the robot arm has 
been used. This second prior art wafer retaining sur- 
face comprises a shoe, or tray-like extension at the 
leading end of the arm, having a bevelled contour 
shaped to accommodate a wafer. The shoe helps to 55 
engage the wafer and retain the wafer in place upon 
the arm while the robot arm swings around to deliver 
the wafer to another location. 



Although the shoe is fairly effective for moving 
wafers in a vacuum environment, it is less effective 
and efficient in the ambient atmospheric environ- 
ment, particularly where wafers must be transferred 
to and from a standard wafer cassette. One drawback 
is that a vacuum pick on the shoe is typically still nec- 
essary to transfer wafers from a wafer cassette. In 
designs in which the arm to which the shoe is attach- 
ed extends to the bottom center of the blade, only the 
front edge to the center of the shoe has the clearance 
necessary to extend into a standard wafer cassette. 
Such a shoe typically can extend only partially into 
the cassette, with the tip of the shoe adjacent the bot- 
tom center of a wafer. Accordingly a vacuum suction 
is applied to the wafer to insure positive retrieval and 
retention of the wafer on the shoe as the wafer is re- 
tracted from the cassette. 

In order to permit the shoe to be extended even 
partially into the tight spacings of a standard wafer 
cassette, the shoe must be machined to be quite thin. 
But even a thin shoe inevitably is an undesireably 
close fit for the tight clearances within a standard wa- 
fer cassette, even if dimensioned to extend fully with- 
in a wafer cassette to engage a wafer. And simply re- 
lying on the thin retaining projection of such a thin 
shoe along with gravity to engage the wafer during 
transit may not provide sufficient assurance that wa- 
fers will be consistently, retained. 

Neither may such a thin shoe provide sufficient 
assurance that the wafer will assume a consistent 
position during transit. For example, when the inner 
edge of the shoe comes into contact with a wafer, the 
edge of the wafer at one position sometimes be- 
comes caught in the interface between the inner edge 
of the shoe and the shoe bottom, so that the opposite 
position on the edge of the wafer is lifted upward. The 
wafer thus rests in a canted position in the shoe rather 
than centered and flat. When the wafer placement on 
the shoe is canted, wafer positioning on the process- 
ing support surface in the processing chamber is not 
consistent from wafer to wafer. This in turn can lead 
to a multitude of processing problems, such as non- 
uniformity, plasma arcing, and damage to the wafer 
and support surface. 

Although the association of a vacuum pickup fea- 
ture with such a shoe may help with such problems, 
it is at best only a partial solution. It does nothing to 
enhance the function of the shoe within evacuated 
environments, nor the inevitable clearance problem 
presented in accessing a standard cassette even with 
a thin shoe. 

There is a need therefore for a wafer transfer ap- 
paratus and method which would b equally efficient 
and effective both in a vacuum and ambient environ- 
ment, and in transferring wafers between both envir- 
onments. Also very desirable would be a wafer trans- 
fer apparatus and method that consistently assures 
proper holding and centering of the wafer under every 
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condition and environment encountered during wafer 
transferral. Likewise very desirable would be a wafer 
processing system which performs in an improved 
manner the transfer of wafers between a standard 
cassette and a transfer chamber at ambient pressure, 
as weil as the transfer of wafers between a transfer 
chamber when evacuated to a subatmospheric pres- 
sure and one or more evacuated wafer processing 
chambers. It would also be very advantageous to pro- 
vide a wafer transfer device that can withstand corro- 
sive substances and elevated temperatures. The 
foregoing capabilities would be still more desirable if 
provided with a thin profile wafer transfer device with 
the capability of smoothly accessing between the 
tight spaces of standard wafer storage cassettes, and 
which incorporated both a vacuum conduit and capac- 
itive sensors. 

In accordance with one aspect of the invention, a 
method of transferring substrates under conditions of 
varying pressure is provided. The method includes 
moving a substrate when the ambient pressure is rel- 
atively high by means of a substrate support provided 
with vacuum means for retaining the substrate during 
such movement. The method also incudes the step of 
moving the substrate when the ambient pressure is 
relatively low by removably mounting to the support 
a substrate retainer; engaging and retaining the sub- 
strate by means of said support and retainer; and 
moving the retained substrate by moving the sub- 
strate support. 

More particularly a method is provided of trans- 
ferring substrates between a first environment at gen- 
erally ambient atmospheric pressure and a second 
subatmospheric processing environment, via a con- 
trolled intermediate environment which may be varied 
between generally atmospheric pressure and a pre- 
selected subatmospheric pressure. The method in- 
cludes moving a substrate from the first environment 
at ambient into the controlled intermediate environ- 
ment by means of a substrate support provided with 
vacuum means for retaining said substrate during its 
movement into and from the intermediate environ- 
ment. The substrate is positioned at an intermediate 
storage position within said intermediate environ- 
ment. In order to move the substrate between the 
controlled intermediate environment and the subat- 
mospheric processing environment, a substrate re- 
tainer is removably engaged to the substrate support. 
The combined substrate support/retainer assembly 
engages and retains the substrate at its intermediate 
storage position and moves the retained substrate, 
with the intermediate environment now at a preselect- 
ed subatmospheric pressure, between the intermedi- 
ate position and the subatmospheric processing en- 
vironment 

In accordance with a further aspect of the inven- 
tion, an apparatus is provided for moving a substrate 
between a plurality of stations. The apparatus in- 



cludes a mechanical arm moveable between the va- 
rious stations; and first and second substrate sup- 
porting devices. The first device is supported at the 
leading edge of said mechanical arm, and is capable 

5 of supporting a substrate alone or in combination with 
the second substrate supporting device. The first de- 
vice includes means for securing a substrate being 
transported by the arm and the first device against 
movement relative thereto while the mechanical arm 

10 is being moved between stations at generally ambient 
pressure. The second substrate device is removably 
mountable to said first substrate retaining device, and 
secures a substrate while the arm is moved between 
stations at subatmospheric pressures. 

15 More particularly, an apparatus is provided for 

accessing and processing substrates initially posi- 
tioned within a primary substrate storage, such as a 
standard wafer cassette, located outside of and adja- 
cent the apparatus. The apparatus includes a hous- 

20 ing defining one or more processing chambers within 
its boundaries; a second substrate storage located 
within the housing, for example located within an in- 
termediate transfer chamber within the housing; and 
means for transferring a substrate between the pri- 

25 mary storage and the secondary storage, a well as 
between the secondary storage and a processing 
chamber. This means for transferring incudes a 
mechanical arm and generally flat blade at the lead- 
ing end of the arm. The blade includes suction means 

30 to hold a substrate during transfer between primary 
storage and secondary storage. The means for trans- 
ferring also includes a wafer tray stored within the 
housing. The wafer tray is designed to be removably 
engageable with the blade and to hold a substrate 

35 during transfer between secondary storage and a 
processing chamber. 

Accordingly a substrate may be transferred 
equally effectively regardless of whether it is to be 
moved within an environment at atmospheric pres- 

40 sure; or an environment at an evacuated subatmo- 
spheric pressure; or between both kinds of environ- 
ments. When moving a substrate through the ambi- 
ent atmosphere, the vacuum feature of the substrate 
support is activated to retain the substrate; while un- 

45 der subatmospheric conditions, the substrate sup- 
port removably mounts the substrate retainer for pos- 
itive retention of the wafer during this transferral un- 
der these conditions for which the vacuum feature 
would not be functional. 

so In the important application of semiconductor wa- 

fer processing, the method and apparatus of the pres- 
ent invention is equally effective in transferring wa- 
fers between a standard cassette outside the proc- 
essing system; a transfer chamber, and a processing 

55 chamber, despite the fact that the wafers begin their 
processing in a standard wafer cassette at ambient, 
and must be transferred into the very different sub- 
atmospheric processing environment of a processing 
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chamber and back. The same transfer apparatus 
functions equally effectively in both environments, as 
well as that of the variable environment of the inter- 
mediate wafer transfer chamber, which must vary 
from atmospheric to a subatmospheric pressure com- 5 
patible with that of the processing chamber, in order 
to permit the transferral of wafers without compromis- 
ing the environment of a processing chamber. 

The transfer apparatus including the blade with 
its suction means is designed to be very thin and opti- to 
mized for extending between the narrow spacings of 
a wafer cassette in order to positively engage and 
support a wafer, with the added security of the appli- 
cation of suction to the wafer while transferring at am- 
bient pressure. The wafers transferred into the trans- 1 5 
fer chamber are stored in an elevator with shelves 
more widely spaced than a standard cassette. 

The wafer supporting tray is retrieved by the 
blade from a rest position inside the transfer chamber 
when transferring wafer under evacuated or subat- 20 
mospheric conditions. The tray and blade are config- 
ured with respect to each other to form an interlocking 
assembly when the blade engages and lifts the tray. 
The tray/blade assembly is configured to match a wa- 
fer and positively retain same when moved under a 25 
wafer within the storage elevator and transferring that 
wafer between the transfer chamber and a process- 
ing chamber. 

The tray can then be much thicker than the blade 
itself, and optimized to have a size, contours, and sig- 30 
nificant retaining structure to insure that wafers 
transferred under evacuated conditions are retained 
in a very positive and consistent manner, and as ef- 
fectively as when the blade itself is working alone to 
transfer wafers at ambient pressure. Likewise, the 35 
construction and design of the blade is not comprom- 
ised by the need to consider the transfer of wafers un- 
der subatmospheric conditions. 

In fact, the blade can be optimized as a thin flat 
ceramic for optional maneuvering between tight wafer 40 
shelf clearances of a cassette and for resistance to 
high temperatures, corrosive environments, and for 
strength. The blade can also include capacitor sen- 
sors to aid in the control of wafer transfer motions. 

The following is a description of some specific 45 
embodiments of the invention, reference being made 
to the accompanying drawings in which: 

Fig. 1 is a plan view of a wafer processing appa- 
ratus including four processing chambers, and a 
central wafer transfer chamber with its top plate so 
partially cut away to show a wafer transfer arm 
assembly within the transfer chamber; 
Fig. 2 is a side sectional view taken along line 2 
of Fig. 1 of the central wafer transfer chamber, 
showing an intermediate wafer storage elevator 55 
inside the loadlock area; a slit valve defining a 
controlled apertur between the internal cham- 
ber environment and a wafer storage cassette ex- 



ternal to the transfer chamber; and also showing 
the transfer of wafers by the wafer transfer arm 
assembly between the intermediate wafer stor- 
age elevator and the external wafer cassette 
along the indicated direction; 
Fig. 3 is a view similar to Fig. 2, showing the 
transfer of wafers by the arm assembly between 
the wafer storage elevator and a wafer process 
chamber; 

Fig. 4 is a perspective view of the intermediate 
wafer storage elevator and an exploded view of 
the leading end of the wafer transfer arm assem- 
bly, including a wafer transfer blade and remov- 
ably engageable wafer support tray in accor- 
dance with the invention, as well as the cooper- 
ation between these elements; 
Fig. 5 is a view similar to Fig. 4 showing the wafer 
support tray and a wafer stored upon the inter- 
mediate storage elevator; 
Fig. 6 is a side view through the intermediate wa- 
fer storage elevator showing the blade in position 
to lift the wafer tray from its rest position on the 
elevator, as well as showing wafers in position on 
shelves within the elevator; 
Fig. 7 is a perspective view of the blade, and 
showing how a wafer is positioned on the blade; 
Fig. 8 is a perspective view of the blade with tray 
attached and placing a wafer above a wafer sup- 
port pedestal inside a processing chamber with 
the wafer in phantom, and with wafer support pins 
extending from the pedestal to lift the wafer from 
the blade tray; 

Fig. 9 is a side sectional view taken across line 9- 
9 of Fig. 8 of the wafer transfer arm assembly, in 
position centrally over a wafer support pedestal 
within a processing chamber including a blade 
and removable wafer tray, with the tray support- 
ing a wafer shown in phantom, and with wafer 
support pins extended from the pedestal to en- 
gage the wafer; 

Fig. 1 0 is an underside plan view of the upper half 
of the blade of the arm assembly; 
Fig. 11 is a plan view of the lower half of the blade 
of the arm assembly; and 
Fig. 12 is a plan view of . a supporting T-barof the 
arm assembly, by means of which the blade is at- 
tached to the robot arm of the arm assembly. 
Fig. 1 generally shows a wafer processing system 
10 including four wafer processing chambers 12 and 
a central wafer transfer chamber 14 into which wafers 
22 are transferred from a standard cassette 24. The 
cassette is positioned outside and adjacent transfer 
chamber 14 within a protective laminar flow hood 27 
at generally ambient atmospheric pressure. 

To accommodate the transfer of wafers into and 
from transfer chamber 14, a slit opening is provided 
in a wall of chamber 14 spaced from processing 
chambers 12 and adjacent hood 27. A slit valve 25 of 
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conventional design controls the slit opening in the 
wall of the transfer chamber. Slit valve 25, when 
closed, seals the chamber 14 from the ambient envir- 
onment and from the laminar flow hood 27. Each 
processing chamber 12/transfer chamber 14 inter- 
face likewise involves a slit opening similarly control- 
led by respective slit valves 28A, 28B, 28C, and 28D. 

As Figs. 2 and 3 together with Fig. 1 generally 
show, transfer chamber 14 is provided with a wafer 
transfer arm assembly 11 to effect this transferral of 
wafers, whose novel features will be discussed be- 
low, but which generally includes a robot arm 1 6, a flat 
wafer carrying blade 18 provided at the leading end 
of the robot arm 16, and a removable wafer support- 
ing tray 40. Robot arm 16 moves only within a hori- 
zontal plane, but can extend forward from an elbow 
and is further capable of swinging around in a 360 de- 
gree arc, while also maintaining any wafer being 
transported in a horizontal plane. 

Fig. 2 shows this transferral of wafers between 
cassette 24 and transfer chamber 14, while Fig. 3 
shows the transferral of wafers between transfer 
chamber 14 and one of the processing chambers 12. 
The processing chambers are continually kept at typ- 
ically near-vacuum subatmospheric pressure in ac- 
cordance with typical wafer processing environments 
such as for etching, chemical vapor deposition or 
physical vapor deposition. However, transfer cham- 
ber 14 may be either at atmospheric or at a low pres- 
sure comparable to that of a processing chamber 12. 
When wafers are being transferred between cas- 
settes 24 and chamber 14 as in Fig. 2, transfer cham- 
ber 14 is at generally ambient pressure (chamber 14 
preferably is also vented just prior to such transferrals 
to help in equalizing chamber pressure with ambient). 
Slit valve 25 is open, and meanwhile valves 28A-28D 
remain closed, to protect the subatmospheric proc- 
essing environment of the processing chambers. 

Once the transfer of wafers from cassette 24 into 
transfer chamber 14 has been completed, slit valve 
25 is closed, chamber 14 is pumped via a pumping 
port (not shown) down to a subatmospheric pressure 
similar to that of the processing chambers while slit 
valves 28A-28D remain closed. Once the pumping of 
transfer chamber 14 is completed to the proper sub- 
atmospheric pressure, wafers can then be transfer- 
red between the processing chamber 12 and transfer 
chamber 14. Slit valves 28 are then opened to permit 
the transfer of wafers between transfer chamber 14 
and the processing chambers, as illustrated in Fig. 3. 

Figures 2 and 3 in conjunction with Fig. 1 also 
generally show the action of robot arm 1 6, in particu- 
lar blade 18 and tray 40 in moving wafers about sys- 
tem 10. Flat blade 18 moves wafers, by means of an 
integral vacuum pick (which will be described in detail 
below), through slit valve 25 between wafer cassette 
24 and an intermediate wafer storage elevator 20 
(also illustrated in partial perspectiv in Figs. 4 and 5) 



inside chamber 14. The position of elevator 20 adja- 
cent valve 25 and spaced from chambers 12 is best 
appreciated from Figs 1 and 2. Upon closure of slit 
valve 25 to isolate transfer chamber 14 from the am- 

s bient, and pumpdown of the transfer chamber to an 
evacuated subatmospheric pressure, blade 18 is 
moved into removable engagement with tray 40, and 
both are utilized as a unit to securely engage and sup- 
port wafers within the now-evacuated environment. In 

10 particular, as shown in Fig. 3 the blade/tray combin- 
ation moves wafers between storage elevator 20 
within the now-evacuated transfer chamber and the 
evacuated subatmospheric processing chambers. 
Control, coordination and drive means for the slit 

15 valves, chambers evacuation, robot arm, and wafer 
storage elevator are welt known in the art and need 
not be described in detail. The blade is provided with 
capacitative sensors as will be described below, 
which are utilized in a known manner to sense the 

20 proximity of a wafer or of the elevator, and to provide 
corresponding signals to guide such control means. 

Turning now to the specifics of wafer transferral 
in system 10 in complete detail, individual ones of wa- 
fers 22 are stored temporarily at respective vertical 

25 shelf positions defined in elevator 20 and as shown 
in Figs. 2, 5 and 6 while in transit between the outside 
environment, in this case cassette 24, and one of the 
processing chambers. The storage elevator 20 is 
moved vertically up and down to align its various shelf 

30 positions with the blade. When first loading system 
1 0, wafer cassette 24, which has been preloaded with 
a number of the semiconductor wafers 22, is moved 
into position just outside the loading area 26 within 
laminar flow hood 27 by a conventional cassette 

35 transport means (not shown) which is capable of mov- 
ing wafer cassette 24 vertically up and down, as well 
as from side to side. At this time the robot arm is in a 
resting position whereby the leading end of blade 18 
is retracted from storage elevator 20 and is aligned 

40 with slit valve 25. 

In the illustrated preferred embodiment and as 
best shown in Figs. 1 and 2, elevator 20 is located in 
the path of movement of blade 18, so that blade 18 
passes through a shelf position of elevator 20 in its 

45 path to and from cassette 24. This presents no diffi- 
culty and is indeed advantageous. As illustrated in the 
detail Figures 4 and 5, the spacing between respec- 
tive shelf positions of elevator 20 is appreciably great- 
er than the thickness of the thin blade, and also great- 

so er than the spacing between shelf positions of cas- 
sette 24, so that the blade can move horizontally with- 
out risk of interference with elements of the elevator 
or of the cassette. At the same time, the time and 
blade travel necessary to move a set of wafers be- 

55 tween the elevator and the cassette is minimized. 

Once the blade is adjacent a wafer within cas- 
sette 24, a vacuum pick comprising one or more va- 
cuum ports 29 adjacent to the distal end of the blade 
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as illustrated in Fig. 7 applies suction to the blade. 
The cassette 24 is then lowered so that the wafer is 
. lifted by the blade 1 8 clear of its shelf supports in the 
wafer cassette 24. With the wafer then securely held 
to the blade by vacuum suction, the robot arm then re- 5 
tracts as best shown in Fig. 2 to remove the wafer 
from the cassette 24 through open slit vaive 25 to a 
position inside the transfer chamber 14 in registration 
with a shelf position of elevator 20. The wafer elevator 
then moves up to lift the wafer from the blade 18, 10 
whereupon the vacuum holding the wafer to the blade 
is also released, and the blade is free to again move 
horizontally between shelf position of elevator 20. 
The robot arm 16 moves the blade back towards the 
cassette 24 in order to transfer another of wafers 22 15 
in the same manner from the cassette 24 to the ele- 
vator. This transfer process is repeated until all the 
wafers are transferred from the preloaded wafer cas- 
sette 24 to the wafer elevator 20. Of course this proc- 
ess is reversible, and blade 18 can with the aid of its 20 
vacuum pick engage wafers at each shelf position of 
elevator 20 and return same to shelf positions of cas- 
sette 24. 

Because the transfer of wafers between the lam- 
inar flow hood 27 and the transfer chamber 14 25 
through the slit valve 25 is performed at substantially 
atmospheric pressure, the vacuum suction feature of 
the blade renders unnecessary any other wafer se- 
curing expedient, including the tray. An advantage of 
using only the blade to support wafers to and from the 30 
wafer cassette 24 is that the blade, being thin, can 
more easily maneuver within the tight spacings be- 
tween wafers in the cassette. 

As can be seen from Fig. 7, the wafer is support- 
ed with its center point on the tip (distal end) of the 35 
blade. All that is required to keep the wafer on the 
blade is a suction applied at the interface between trie 
blade and the wafer. The constructional details of the 
vacuum pick of the blade which provides the suction 
is described below with reference to Figs. 10 to 12. 40 
Once elevator 20 has been loaded with wafers from 
cassette 24, the blade 18 is retracted into transfer 
chamber 14, slit valve 25 is closed to seal off transfer 
chamber 14 from the outside environment, and trans- 
fer chamber 14 is pumped down to a predetermined 45 
subatmospheric pressure, with both this pressure, 
and preferably the composition of the environment 
within the transfer chamber 14 being controlled to be 
compatible with that of one of the processing cham- 
bers 12A-D to which a wafer is to be transferred. so 

It will be noted that the wafer must now be moved 
between the transfer chamber 14 and a processing 
chamber 12, both of which are now evacuated envir- 
onments at typically near-vacuum subatmospheric 
pressures; again, this movement is generally shown 55 
in Fig. 3. Clearly, the vacuum pick which served so 
well to secure the wafer as it was being moved from 
ambient pressure into the transfer chamber when the 



transfer chamber was also at ambient will no longer 
work in such evacuated environments. Accordingly, 
vacuum suction is not applied to the blade or wafer 
during wafer transfer with the evacuated environ- 
ment; rather, the robot arm 16 now engages blade 18 
with a removable tray 40. When not in use, tray 40 is 
stored in a bottom location on storage elevator 20. 
Figure 4 illustrates the complimentary interlocking 
portions of the blade and tray; the particulars of their 
interlocking relationship will be discussed in more de- 
tail below. Fig. 5 shows the tray in its rest storage pos- 
ition on the lowermost shelf of elevator 20. Fig. 8 best 
illustrates the engaged tray-blade combination 40*. 

The robot arm 16 operates to position the 
blade/tray 40* under a selected wafer 22 in the eleva- 
tor as best shown in Fig. 6. As we have noted, elevator 
20 holds the individual wafers stored therein upon re- 
spective shelves, each with greater separation than 
exhibited by corresponding shelves of the standard 
cassette 24, and with enough separation to accom- 
modate passage of tray/blade 40' with wafer. Each 
wafer on the elevator is therefore easily accessed and 
removed by the blade/tray combination. The elevator 
20 is moved downwards until the wafer 22 comes to 
rest on the blade/tray 40'. The wafer is then lifted off 
the elevator shelf by blade/tray 40. As best seen in 
Fig. 6, the tray edges are shaped to match the curva- 
ture of the wafer, and are sloped inward, to enable a 
slightly offset wafer to slide into a centered position 
within the tray, and further to secure, the wafer 
against slippage during movement. 

As illustrated by Fig. 3, the robot arm 16 then 
moves the blade/tray 40* and its accompanying se- 
curely-held wafer 22 into position toward a preselect- 
ed one of processing chambers 12A-D. The appropri- 
ate one of slit valves 28A-D (286 in Figs. 2 and 3) is 
opened, and the robot arm then moves the blade/tray 
40' with wafer 22 into the chamber 12 directly above 
and centered oyer wafer support plate 96. As illustrat- 
ed in Figs. 8 and 9, two pairs of pins 95, which are 
spaced a distance wider than blade/tray 40', move up- 
ward to lift wafer 22 off blade/tray 40'. Robot arm 16 
retracts, and pins 95 are lowered into plate 96, so that 
wafer 22 rests in a centered position atop plate 96. 
Because each wafer is properly centered in 
blade/tray 40', each wafer is accurately centered with 
assurance on the wafer support plate for repeatable 
processing. The blade/tray 40* then is withdrawn 
from the chamber 12, and the chamber slit valve 28 
is closed. Thereupon wafer processing, such as 
chemical vapor deposition or etch, commences within 
the processing chamber. 

When wafer processing has been compl ted, the 
slit valve 28B is opened, wafer 22 is lifted upward by 
pins 95, the robot arm 16 moves the blade/tray 40* in- 
to the chamber 12 to a position underneath the now- 
processed wafer 22, and removes the wafer from the 
processing chamber through the slit yalv 28. The ro- 
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bot arm 16 may then move the wafer 22 into another 
processing chamber 12 or it may return the wafer to 
the elevator 20. Eventually, however, the wafer com- 
pletes its assigned processing steps and the wafer 
must be returned to elevator 20, which rises upwards s 
to lift the wafer 22 off the blade/tray 40\ 

In moving a subsequent wafer to the processing 
chambers, the blade/tray 40* is then withdrawn into 
transfer chamber 14, and elevator 20 is positioned so 
that the blade/tray 40* can be moved into position un- 10 
der the subsequent wafer in the elevator 20. Once 
again the elevator 20 moves slightly downwards to 
bring the wafer in contact with the blade/tray 40\ (i.e., 
until the wafer is lifted off its supports by its lower 
face catching on the blade/tray while the elevator 15 
moves downward) so that the robot arm 16 can re- 
move the wafer from the elevator 20 and insert it into 
a second processing chamber 12. Note that at all 
times during this transfer process the slit valve 25 is 
kept shut and an evacuated environment is continu- 20 
ously maintained inside the transfer chamber 14. 

The above process of transferring wafers using 
the blade/tray combination between the transfer 
chamber 14 and processing chamber 12 through one 
of slit valves 28 is continued until ail the wafers have 25 
been processed and returned to the elevator 20. At 
this time the wafers are ready for transfer back to the 
cassette 24. The blade/tray 40' moves toward the 
tray storage position situated on the elevator 20 and 
reverses the procedure of depositing wafers on the 30 
elevator. The elevator moves upward to lift the tray 40 
off the blade and into its storage position. Keeping the 
slit valves 28 and 25 closed, the transfer chamber 14 
is vented to approximately match the pressure of the 
laminar flow hood 27. When the pressures of the 35 
transfer chamber 14 and the laminar flow hood 27 
have equalized, slit valve 25 opens, and the robot arm 
16 with blade 18 only transfers the wafers from the 
elevator 20 to the cassette 24 using the vacuum suc- 
tion feature of the blade to hold the wafer in place 40 
while the robot arm 1 6 is in motion. This process is es- 
sentially similar to, but the reverse of, the original cas- 
sette-to-elevator transfer process described above. 

The details of the removable engagement of wa- 
fer tray with blade 1 8 are best appreciated with the aid 45 
of Figs. 4-6. When the tray 40 is not positioned on the 
blade as a blade/tray combination 40\ the tray is posi- 
tioned at the base of the elevator 20 on two pairs of 
positioning pins 44a and 44b as in Fig. 5. The leading 
or distal positioning pins 44a each have a flat topped so 
surface on which the tray 40 rests. The proximal pins 
44b, however, act as centering pins and each have a 
protrusion 46 formed on its top. These protrusions 46 
fit into complementally sized sockets formed into the 
bottom of the tray. As a result of this configuration the 55 
tray always is caused to rest in the same lowest shelf 
position when supported on the base of the elevator 
20. 



As can be seen from Fig. 4, the tray 40 includes 
distal and proximal ends, 54 and 56 respectively, both 
of which have semicircular cutouts with sloping faces 
54*, 56* formed therein. These semicircular cutouts 
are sized to be approximately equivalent to the wafer 
size and to follow the curvature of a wafer. As shown 
in Fig. 6, the physical construction of the tray 40 al- 
lows the tray to receive the semiconductor wafer 22 
as the elevator moves downward, and automatically 
center the wafer in the tray by enabling a slightly off- 
set wafer to slide down the sloping faces into place. 
Since the wafer is positioned inside the raised distal 
and proximal ends, the wafer is held in place when the 
robot arm 16 moves. 

Before the transfer of wafers from the elevator to 
the processing chambers 12 commences, the blade 
18 is inserted underneath the tray 40 as shown in Fig. 
4. The blade 18 has a pair of centering pins 48 near 
where the blade 18 is connected to the wafer robot 
arm 16. These pins 48 are sized to fit into sockets 50 
in the tray 40 and, in so doing, ensure that the tray 40 
is correctly positioned on the blade 18. As illustrated 
in Figs. 4 to 6, to further ensure this positioning, the 
tray 40 has its long sides 52 designed to receive the 
blade 18 between them so that they overhang the 
blade 18 and keep the tray 40 in position. Once the 
blade 18 has been positioned under the tray 40 so 
that the centering pins 48 are directly underneath the 
sockets 50 of the tray, the elevator 20 is moved down- 
wards until the tray 40 is engaged by the blade 1 8 and 
is raised clear of its supporting pins 44a and 44b. The 
happening of this event is sensed by means of capac- 
itive sensors within blade 18, the configuration of 
which will be described f urther below with reference 
to Figs. 10 and 11. 

When processing has been completed and the 
wafers have been moved back to storage elevator 20, 
robot arm 16 moves blade/tray 40* to its storage loca- 
tion at the lowest shelf of storage elevator 20 and de- 
posits tray 40 thereon. 

The constructional details of the two part ceramic 
blade 18 are more fully given in Fig. 10 which shows 
the upper half of the blade, Fig. 11, which shows the 
lower half of the blade, and Fig. 12 which is a plan 
view of a supporting T-bar which is located under- 
neath the blade 18 and which connects it to the robot 
arm 16. 

The upper half 18" of the blade 18 as shown in 
Fig. 10 is constituted preferably by an alumina ceram- 
ic plate. The central portion of the blade has a rectan- 
gular hole 60 formed therethrough and at the blade's 
leading end two oblate apertures 29 are formed 
through it The purpose of these apertures will be de- 
scribed later with reference to Fig. 11 . Also shown are 
four countersink holes 64 formed through the upper 
half of the blade 1 8*. In addition, this figure shows two 
generally rectangular shaped electrodes 66, 68 
formed thereon by a gluing and firing process, which 
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terminate in electrical connectors 66* and 68* respec- 
tively. Each of these two rectangles 66, 68 defines 
the upper half of a capacitive sensor, one of which is 
used to determine whether or not the tray has been 
engaged by the blade, and the other of which is us d 5 
to determine whether or not the wafer has been en- 
gaged by the blade. 

In Fig. 11 the lower half 18" also made of alumina 
ceramic, is shown to include an aperture 60' corre- 
sponding to the aperture 60 shown in Fig. 10. In ad- w 
dition, holes 64', corresponding to holes 64 in Fig. 10, 
pass through the blade lower half 1 8". This figure also 
shows a vacuum channel 70 which has been formed 
in the surface of the blade lower half 18". At the one 
end of the generally rectangular shaped vacuum 15 
channel, two extensions 72 are formed. 

When the upper half 18' of the blade 18 is placed 
onto the lower half 18" of the blade, the rectangular 
apertures 60 and 60* are in registration with one an- 
other to define an aperture which passes through the 20 
blade 18. Similarly, the holes 64 and 64* are in regis- 
tration with one another to permit fastening screws 
(not shown) to pass through them so that the blade 
can be secured onto the mounting T-bar illustrated in 
Fig. 12. When the two halves of the blade are placed 25 
together, the extensions 72 lie directly below the ob- 
late apertures 29. As a result the vacuum channel 70 
is able to communicate directly with the upper surface 
of the blade 18 so that, when a wafer is received 
thereon and a vacuum is applied in the channel 70, 30 
this vacuum can be transferred to the interface be- 
tween the wafer and the blade 18. 

The upper and lower halves of the blade are sin- 
tered together to form a thin blade of approximately 
0.050" of high strength and ability to withstand poten- 35 
tially high wafer temperatures. A thin blade is desired 
because it can more easily move within the clearance 
between wafers on a standard cassette, which can be 
as little as approximately 0.20" (5 mm) wide. 

Fig. 11 also shows two generally rectangular 40 
shaped electrodes 76, 78 which correspond in size 
and position to the similarly-shaped electrodes 66 
and 68 shown in Fig. 10. These pads 76, 78 are the 
lower halves of the two capacitive sensors which are 
respectively used to determine whether or not the wa- 45 
fer tray 40 or the wafer 22 itself has been loaded onto 
the blade. 

The upper pad 66 has the same area and shape 
as its corresponding pad 76. The same applies to the 
upper pad 68 and its corresponding pad 78. When the 50 
upper and lower halves of the blade 18 are sintered 
together, their respective electrodes are separated by 
about 0.001" (25 n). This means that two capacitive 
sensors, one defined by pad 66 and pad 76 and the 
other by pad 68 and pad 78, are formed in the assenrv , 55 
bled blade. It should be noted that these capacitiv 
sensors are not contact sensors, but rather operate to 
determine a change in capacitance as the blade and 



the wafer tray (or blade and wafer) move closer to- 
gether. The sensors are calibrated so that they signal 
the presence of a wafer or the tray only when the wa- 
fer or tray are properly centered on the blade. 

Finally, Fig. 11 shows a circular hole 80 form d 
through the lower half 18" of the blade 18. This hole 
80 provides a direct communication port between the 
vacuum channel 70 and a similarly sized hole 82 
formed partway into the T-bar 84 illustrated in Fig. 1 2. 
The hole 82 in the T-bar 84 is connected to a vacuum 
source (not shown) by means of a conduit 86 and a 
vacuum port 88. This vacuum port communicates 
with the vacuum source through a channel formed in 
the robot arm 1 6, which is shown in broken lines in this 
figure. The T-bar is also shown to include four thread- 
ed holes 64". These threaded holes correspond to the 
holes 64 and 64' shown in Figs. 10 and 11 and receive 
fasteners which pass through the upper and lower 
blades 18* and 18" to secure the blade 18 onto the T- 
bar 84. As can be seen from this figure the T-bar has 
the centering pins 48 mounted on it. These pins pass 
directly through apertures 48' formed in both the up- 
per and lower halves of the blade 18 to protrude be- 
yond it. In addition, Fig. 12 shows two studs 90 pro- 
truding vertically upward out of the T-bar 84. These 
studs fit into holes 90' formed in the upper and lower 
halves of the blade 1 8 and act to center the blade onto 
the T-bar when the T-bar and the blade 18 are being 
secured together by means of the screws passing 
through apertures 64. 

Conventional wafer carrying blades, which are 
made of plastic, metal and/or silicon, cannot achieve 
the great thinness of the present blade, as these pre- 
viously used materials lose their structural strength 
under the high-heat operating conditions of the wafer 
processing reactors. It is only with the use of materials 
such as alumina ceramic, which have high structural 
rigidity even under high temperatures, that a blade 
can be made as thin as the blade of the invention (typ- 
ically approximately 0.05"). 

The carrying blade and tray combination of this 
invention has a number of further important advan- 
tages over the prior art devices. Since the tray is re- 
movable, a trayless thin blade with vacuum suction 
can be used for transferring wafers between the cas- 
sette and elevator. As a result, it enables reliable wa- 
fer transfer despite the small gaps between the wa- 
fers in the cassette. Then, when wafer transfer within 
an evacuated environment is required, thereby pre- 
cluding the use of vacuum suction on the blade, the 
tray can be easily interlocked with the blade for reli- 
able, slip-free wafer transfer within a vacuum envir- 
onment. Although not necessary for the practice of 
the other aspects of the invention, the desirable two 
part ceramic construction of the blad is much easier 
and cheaper to fabricate than earlier blades and, 
once in use, the blade retains its structural strength 
and its different halves do not separate from one an- 
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other. 

Whjle the invention has been particularly shown 
and described with reference to certain preferred em- 
bodiments, it will be understood by those skilled in the 
art that various alterations and modifications in form 
and in detail may be made therein. Accordingly, it is 
intended that the following claims cover all such alter- 
ations and modifications as may fall within the true 
spirit and scope of the invention. It should also be not- 
ed first that although the invention is described in the 
context of semiconductor wafers, this invention is not 
limited to use with semiconductor wafers; rather, it en- 
visions use with any and all substrates which are rel- 
atively flat and are to be transferred and held in both 
ambient and evacuated environments. 



Claims 

1 . A method of transferring substrates under condi- 
tions of varying pressure, comprising the steps 
of: 

(a) moving a substrate when the ambient 
pressure is relatively high by means of a sub- 
strate support provided with vacuum means 
for retaining said substrate during such move- 
ment; and 

(b) moving a substrate when the ambient 
pressure is relatively low by removably 
mounting to said support a substrate retainer; 
engaging and retaining said substrate by 
means of said support and retainer; and mov- 
ing said retained substrate by moving said 
substrate support 

2. A method as claimed in Claim 1 , characterised in 
that the substrate is moved while being main- 
tained in a horizontal position, and in that said re- 
tainer and vacuum means secure the substrate 
against lateral movement with respect to the sub- 
strate support when the substrate is being 
moved. 

3. A method as claimed in Claim 1 , characterised in 
that the substrate support comprises a generally 
flat blade, and the retainer comprises a substrate 
supporting tray. 

4. A method of transferring substrates between a 
station where substrates are supported in a rela- 
tively narrowly spaced array, and another station 
where substrates are supported in a widely 
spaced array, comprising the steps of: 

(a) moving a substrate held in a narrowly 
spaced array by means of a generally flat 
blade provided with vacuum means for retain- 
ing said substrate during such movement; and 

(b) moving a substrate held in a widely spac d 



array by removably mounting a substrate sup- 
port tray to said blade, engaging said sub- 
strate thereon, and moving said substrate by 
moving said blade. 

5 

5. A method as claimed in Claim 4, which further in- 
cludes the step of moving a substate held in said 
widely spaced array to a wafer processing station 
and back upon completion of processing at such 

w station. 

6. A method as claimed in Claim 4 or Claim 5, char- 
acterised in that a substrate is moved between 
said narrowly spaced array to said widely spaced 

15 array under generally atmospheric pressure con- 

ditions; and in which a substrate is moved from 
said widely-spaced array to said wafer process- 
ing station under subatmospheric conditions. 

20 7. A method as claimed in Claim 6, characterised in 
that said station in which said wafers are held in 
widely spaced array is provided within a pressure 
controllable chamber which may be evacuated to 
attain said subatmospheric conditions, or vented 

25 to be under generally atmospheric pressure con- 

ditions. 

8. A method as claimed in any of Claims 4 to 7, char- 
acterised in that said narrowly- spaced array is 

30 provided by a standard wafer cassette. 

9. A method of transferring substrates between a 
first environment at generally ambient atmosphe- 
ric pressure and a second subatmospheric proc- 

35 essing environment, via a controlled intermediate 

environment which may be varied between gen- 
erally atmospheric pressure and a preselected 
subatmospheric pressure, comprising the steps 
of: 

40 (a) moving a substrate from said first environ- 

ment into said controlled intermediate envir- 
onment by means of a substrate support pro- 
vided with vacuum means for retaining said 
substrate while said support moves said sub- 

45 strate into said intermediate environment, 

said substrate being positioned at an inter- 
mediate storage position within said inter- 
mediate environment; 

(b) removably engaging to said substrate sup- 
so port a substrate retainer; and 

(c) engaging and retaining said substrate at 
said intermediate storage position by means 
of said support and retainer and moving said 
retained substrate, with said intermediate en- 

55 vironment at a preselected subatmospheric 

pressure, from said intermediate position into 
said second subatmospheric processing en- 
vironment. 
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10. A method of transferring substrates between a 
processing chamber maintained at a subatmo- 
spheric processing environment, a primary sub- 
strate storage region generally at ambient pres- 
sure, and a secondary substrate storage region 5 
provided with a controllable environment variable 
between ambient and subatmospheric pres- 
sures, the method comprising the steps of: 

(a) providing within said secondary storage 
region a mechanical arm, a generally flat 10 
blade provided with vacuum pickup means at 

the leading end of the mechanical arm, and a 
substrate su pporting tray; 

(b) controlling said secondary substrate stor- 
age to generally ambient atmospheric pres- is 
sure; 

(c) engaging a substrate in the primary sub- 
strate storage with the blade, and retaining 
said substrate in relation to said blade by ac- 
tivating said vacuum pickup means; 20 

(d) transferring a number of retained sub- 
strates between the primary substrate stor- 
age and the secondary substrate storage at 
generally ambient atmospheric pressure, by 
means of said flat blade; 25 

(e) mounting the.supporting tray onto the car- 
rying blade; 

(f) adjusting the environment of said second- 
ary storage to a subatmospheric pressure; 

(g) engaging a substrate located in the sec- 30 
ondary storage by means of said substrate 
supporting tray, and retaining said substrate 

in relation to said blade by means of said tray; 
and 

(h) transferring the retained substrate be- 35 
tween the secondary storage at said subat- 
mospheric pressure, and said processing 
chamber by means of said substrate support- 
ing tray and arm. 

40 

11. An apparatus for moving a substrate between a 
plurality of stations comprising: 

a mechanical arm movable between said 
stations; and 

first and second substrate supporting de- 45 
vices, said first device being supported at the 
leading edge of said mechanical arm, said first 
device being capable of supporting a substrate 
alone or in combination with said second sub- 
strate supporting device, said first device includ- 50 
ing means for securing a substrate being trans- 
ported by said arm and said first device against 
movement relative thereto while said mechanical 
arm is being moved between stations at generally 
ambient pressure, said second substrate device 55 
being removably mountable to said first substrate . 
retaining device, said second device securing a 
substrate while said arm is moved between sta- 



tions at subatmospheric pressures. 

12. Apparatus as claimed in Claim 11, characterised 
in that a first one of said stations is at generally 
ambient pressure, a second of said stations is 
controllable to be either at generally ambient 
pressure or at a subatmospheric pressure and 
the remaining stations are all at subatmospheric 
pressures. 

13. Apparatus as claimed in Claims 11 or Claim 12, 
characterised in that said first substrate support- 
ing device is a generally flat blade and said sec- 
ond substate supporting device is a substrate 
support tray removably engageable upon said 
blade. 

14. Apparatus as claimed in Claim 13, characterised 
in that said blade supports substrates during arm 
movement between a first station and said sec- 
ond station when both are at generally ambient 
pressure, and in which said tray engaged with 
said blade supports substrates during arm move- 
ment between said second station and a third sta- 
tion when said second and third stations are at 
subatmospheric pressure. 

15. Apparatus as claimed in any of Claims 11 to 14, 
characterised in that said first substrate support- 
ing device includes a vacuum pack to secure wa- 
fer supported upon said blade during arm move- 
ment between stations at generally ambient pres- 
sure. 

16. Apparatus as claimed in any of Claims 11 to 15, 
and further including an intermediate vacuum 
chamber within which at least one of said stations 
is located, the pressure of said chamber being 
controllable to be maintainable either at generally 
ambient pressure or at subatmospheric pressure. 

17. Apparatus as claimed in claim 16, characterised 
in that said arm, with the aid of said first substrate 
supportin device, transfers a substrate from a 
first station at generally ambient pressure out- 
side said chamber into a second station within 
said chamber at generally ambient pressure. 

18. Apparatus as claimed in Claim 17, and further in- 
cluding a processing chamber, and in which said 
arm transfers, with the aid of said second sub- 
strate supporting device, a substrate from said 
second station within said chamber at a subatmo- 
spheric pressure into said processing chamber. 

19. Apparatus for transferring substrates between 
an initial environment and a processing environ- 
ment maintained at a subatmospheric pressure 
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via a controllable intermediate environment, said 
apparatus comprising: 

arm means movably mounted within said 
intermediate environment, said arm means in- 
cluding a generally horizontally-oriented blade at 5 
the leading end of said arm, said means moving 
a substrate between said initial environment and 
said intermediate environment, with the inter- 
mediate environment compatible with the pres- 
sure of said initial environment during such move- 10 
ment; 

a substrate supporting tray within said in- 
termediate environment for removable mounting 
to the blade, and for securing said substrate to 
said blade during transfer of said substrate be- 15 
tween said intermediate and said processing en- 
vironment, with the intermediate environment 
compatible with the pressure of said processing 
environment during such transfer. 



20. Apparatus as claimed in Claim 19, further includ- 
ing a temporary substrate storage device within 
said intermediate environment. 

21. Apparatus as claimed in Claim 20, characterised 
in that said substrate supporting tray is support- 
ed upon said substrate storage device when not 
in use. 



25. An apparatus for accessing and processing sub- 
strates initially located within a primary substrate 
storage located outside of an adjacent said appa- 
ratus, said apparatus comprising: 

(a) a housing defining a processing chamber 
within its boundaries; 

(b) a secondary substrate storage located 
within the housing; and 



(c) means for transferring a substrate be- 
tween said primary storage and said second- 
ary storage, and between said secondary 
storage and said processing chamber, said 
means including a mechanical arm and gen- 
erally flat blade at the leading end of said arm, 
said blade including suction means to hold a 
substrate during transfer between primary 
storage and secondary storage, said means 
also including a wafer tray within said housing 
and removably engageable with said blade to 
hold a substrate during transfer between sec- 
ondary storage and said processing chamber. 

26. Apparatus as in Claim 25, in which substrate 
transfer between primary storage arid secondary 
storage is effected at generally atmospheric 
pressure, while substrate transfer between said 
secondary storage and said processing chamber 
is effected at subatmospheric pressure. 

27. Apparatus as in Claim 25, which further includes 
a transfer chamber within said housing, said 
transfer chamber having an environment whose 

25 pressure may be controlled generally indepen- 

dently of said processing chamber, said second- 
ary substrate storage being located within said 
transfer chamber. 

28. Apparatus for transferring substrates between 
one station at generally atmospheric pressure 
and another station at a subatmospheric pres- 
sure comprising: 

a chamber having at least two sealable 
apertures, one communicating with one station 
maintained at generally atmospheric pressure 
and the other for communicating with another 
station maintained at a subatmospheric pres- 
sure, said chamber being capable of maintaining 
a pressure-controllable environment therewithin; 

a first substrate support including suction 
means moveable between said one station and 
the chamber environment, said first support se- 
curing a substrate with suction and moving same 
between said one station and said chamber en- 
vironment when said environment is generally at 
atmospheric pressure; and 

a second substrate support having means 
for edgewise retaining a substrate, said substrate 
being moved utilizing said second support be- 
tween said chamber environment when said en- 
vironment is generally at said subatmospheric 
pressure and said other station. 

55 29. Apparatus as claimed in Claim 28, characterised 
in that said first and second substrate supports 
are removably engageable with each other and 
together transport substrates between said 



22. Apparatus as claimed in any of Claims 19 to 21, 30 
characterised in that said blade includes a va- 
cuum port for applying suction to substrates to 
secure same to said blade during said movement 
between said initial environment arid said inter- 
mediate environment. 35 

23. Apparatus as claimed in any of Claims 19 to 22, 
characterised in that said intermediate environ- 
ment and said initial environment are at ambient 
pressuring during transfer of substrates there- 40 
between. 

24. Apparatus as claimed in any of Claims 19 to 23, 
and including an evacuable transfer chamber de- 
fining said controllable intermediate environ- 45 
ment, and a processing chamber in controllable 
communication with said transfer chamber and 
defining said subatmospheric processing envir- 
onment 



12 



21 



EP 0 634 787 A1 



22 



chamber and said second station when both are 
at subatmospheric pressure. 

30. Apparatus as claimed in Claim 28 or Claim 29, 

and also including a mechanical arm movable be- 5 
tween said station and said chamber, said arm 
supporting said first and second substrate sup- 
ports at a leading end of said arm. 

31. Apparatus as claimed in any of Claims 28 to 30, 10 
characterised in that said first substrate support 

is a generally flat blade provided with internal 
conduit means and port means to define said 
suction means. 

15 

32. Apparatus as claimed in Claim 31, characterised 
in that said second support is a wafer retaining 
tray removably engageable to said blade and 
used together with said blade in moving sub- 
strates between said chamber and said other sta- 20 
tion. 

33. Apparatus as claimed in any of Claims 28 to 32, 
characterised in that said chamber includes an in- 
termediate wafer storage accepting a plurality of 25 
wafers from either the one station or the other 
station. 

34. Apparatus as claimed in Claim 33, characterised 

in that said wafer storage defines a position for 30 
accepting said second substrate support when 
the same is not in use. 

35. Asubstrate transferapparatusforuse with asub- 
strate processing system for transferring sub- 35 
strates between first substrate storage external 

to said system and a processing chamber internal 
to said system, in which said system includes a 
transfer chamber, and wherein said first storage 
supports a plurality of substrates in closely-spa- 40 
ced side-by-side parallel relation, said apparatus 
comprising: 

(a) arm means mounted within said transfer 
chamber for movement including a generally 

flat blade at the leading end thereof, said arm 45 
means being extendable generally laterally, 
and externally of sard transfer chamber to the 
location of the first substrate storage; 

(b) a substrate supporting tray within said 
transfer chamber for removable engagement so 
with the blade; 

(c) an intermediate storage within said trans- 
fer chamber, said substrate storage accepting 
both substrates and said tray in a generally 
horizontal orientation, said intermediate stor- 55 
age being mounted for movement generally 
transversely relative to said blade; and 

. (d) means for activating said arm and inter- 



mediate storage to extend said blade into said 
first substrate storage to transfer a substrate 
between said first storage and said intermedi- 
ate storage, to engage said tray and blade, 
and to engage a substrate within said inter- 
mediate storage and transfer same employing 
both said tray and blade between intermedi- 
ate storage and said processing chamber. 

36. Apparatus as claimed in Claim 35, characterised 
in that said intermediate storage is between the 
mounting position of said arm means and the lo- 
cation of said first substrate storage. 

37. Apparatus as claimed in Claim 35 or Claim 36, 
characterised in that said blade extends through 
said intermediate storage to project externally of 
said transfer chamber into said first substrate 
storage. 

38. Apparatus as claimed in any of Claims 35 to 37, 
characterised in that said intermediate storage 
defines an array of spaced, parallel, side by side 
storage positions for substrates and said tray, the 
spacing between ail storage positions being 
great enough to accommodate the passage of 
said tray into each said position. 

39. Apparatus as claimed in Claim 38, characterised 
in that said spacing between said storage posi- 
tions of said intermediate storage are greater 
than the spacings between the wafer storage 
positions of said first storage. 

40. Apparatus as claimed in any of Claims 35 to 39, 
characterised in that said first blade includes suc- 
tion means to secure a substrate during transfer 
between the first storage and the intermediate 
storage, and the transfer is performed at gener- 
ally atmospheric pressure. 

41. Apparatus as claimed in any of Claims 35 to 41, 
and further including means for evacuating the 
transfer chamber to bring same to a subatmo- 
spheric pressure comparable to that of the proc- 
essing chamber prior to transferring substrates 
from said transfer chamber to said processing 
chamber, so that the transfer between intermedi- 
ate storage and the processing chamber is per- 
formed at a subatmospheric pressure. 

42. An apparatus for transferring semiconductor wa- 
fers between a first environm nt and a second 
environment for processing wafers at a subatmo- 
spheric pressure via an intermediate pressure- 
controllable environment, said apparatus com- 
prising: 

(a) arm means mounted within said intermedin 
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43. 



ate environment for movement and extend- 
able into said first and second environments, 
said means including a generally flat blade at 
the leading end of said arm means, said blade 
being provided with means for applying sue- 5 
tion to a wafer when such wafer is adjacent to 
a surface of said blade, said blade being fur- 
ther provided with an internal sensor to detect 
the presence of an adjacent wafer; 

(b) a wafer support tray within said intermedi- 10 
ate environment, removably engageable with 

a wafer and with said blade; 

(c) means responsive to said sensor for acti- 
vating said arm to extend said blade into said 

first environment and upon sensing the pres- 15 
ence of a wafer adjacent to same, to engage 
said adjacent wafer and retain same through 
suction, and to transfer same between said 
first environment and said second environ- 
ment, while controlling said intermediate en- 20 
vironment to generally match the pressure of 
said first environment and to engage said 
tray, and said wafer by means of said tray, 
and transfer said wafer between said inter- 
mediate and second environments while con- 25 
trolling said intermediate environment to gen- 
erally match the pressure of said second en- 
vironment. 

A ceramic blade for holding a substrate, wherein 30 
said blade is operable under differing pressure 
environments, wherein said blade can withstand 
substrates of varying.temperature, comprising: 

(a) an upper layer; 

(b) a lower layer permanently attached to said 35 
upper half; 

(c) means comprising integral passageway 
and port means defined in at least one of said 
layers for transmitting a vacuum to the lead- 
ing end of said blade so as to render said 40 
blade capable of retaining a substrate; and 

(d) ' means including electrode zones defined 
on at least one of said layers for sensing the 
presence or nonpresence of a substrate. 



44. 



45. 



The apparatus as claimed in Claim 43, character- 
ised in that said upper layer has a substrate sup- 
porting surface capable of with- standing high 
temperature. 



45 



so 



The apparatus as claimed in Claim 43 or Claim 
44, characterised in that said upper layer of said 
blade has at leas one port formed therethrough 
and the lower layer contains at least one channel 
formed therein whereby, when the upper and low- 55 
er layers of the blade are joined together, said 
port communicates with said channel to permit a 
suction to be communicated via said channel and 



port to a substrate supported on said blade. 

46. The apparatus as claimed in any of Claims 43 to 
45, characterised in that said electrode zones de- 
fine at least one capacitive sensor to detect the 
presence of either the substrate or the tray. 

47. The apparatus as claimed in Claim 46, character- 
ised in that said capacitive sensor includes upper 
and lower electrodes formed respectively on the 
upper and lower layers of the blade, such that 
when the upper and lower layers of the blade are 
placed together, a small dielectric gap is formed 
between the electrodes. 

48. The apparatus as claimed in any of Claims 43 to 
47, characterised in that said upper and lower lay- 
ers of said carrying blade are sintered together. 

49. An apparatus for processing as substrate com- 
prising: 

(a) a housing defining a processing chamber 
within its boundaries; 

(b) a primary substrate storage located out- 
side of the housing; 

(c) a secondary substrate storage located 
within the housing; and 

(d) substrate transfer means for transferring a 
substrate between the primary substrate 
storage and the secondary substrate storage 
and between the secondary substrate stor- 
age and the processing chamber, the transfer 
means including 

a mechanical arm, 

a generally flat substrate carrying 
blade at the leading end of the mechanical 
arm, and 

a substrate supporting tray for remov- 
able mounting to the blade, 

whereby the tray is mounted to the 
blade when the transfer means transfers sub- 
strates between the secondary storage and 
the chamber and is removed from the blade 
when the transfer means transfers substrates 
between the primary and secondary storag- 
es. 

50. An apparatus as claimed in Claim 49, further 
comprising a tray storage position at which the 
tray is stored when substrates are transferred be- 
tween the primary and secondary storages. 

51. An apparatus as claimed in Claim 50, character- 
ised in that the tray storag position is incorporat- 
ed in the secondary storage. 

52. An apparatus as claimed in any of Claims 49 to 
51, characterised in that the carrying blade in- 
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eludes a ceramic upper layer, having a substrate 
supporting surface, and a ceramic lower layer. 

53. An apparatus as claimed in Claim 52, character- 
ised in that the upper layer of the carrying blade 5 
has at least one vacuum port formed there- 
through and the lower layer includes a vacuum 
channel formed therein whereby, when the upper 
and lower layers of the blade are jointed together, 

the vacuum port communicates with the vacuum 10 
channels so that a vacuum port to the substrate 
supporting surface of the upper layer such that a 
substrate supported on this surface is drawn onto 
the blade. 

15 

54. An apparatus as claimed in Claim 52 or Claim 53, 
characterised in that the carrying blade includes 
at least one sensor operable to detect the pres- 
ence of either the substrate or the tray as they are 
moved relatively towards the blade. 20 

55. An apparatus as claimed in Claim 54, character- 
ised in that the sensor formed in the carrying 
blade is a capacitive sensor having upper and 
lower portions formed respectively on the upper 25 
and lower layers of the blade. 

56. An apparatus as claimed in Claim 55, character- 
ised in that one of the upper or lower portions of 

the capacitive sensor defines a generally closed 30 
hoop having an internal dimension greater than 
the outer dimension of the other of the upper or 
lower portions of the capacitive sensor whereby, 
when the upper and lower halves of the blade are 
joined together, an annulus is defined between 35 
the upper and lower portions of the sensor. 

57. An apparatus as claimed in Claim 56, character- 
ised in that the upper and lower halves of the 
blade are sintered together. 40 

58. A substrate transfer means for use in a substrate 
processing apparatus having a processing cham- 
ber, a primary substrate storage and a secondary 
substrate storage, the substrate transfer means 45 
being for transferring a substrate between the 
primary substrate storage and the secondary 
substrate storage and between the secondary 
substrate storage and the processing chamber 

and comprising: 50 

(a) a mechanical arm, 

(b) a generally flat substrate carrying blade at 
the leading end of the mechanical arm, and 

(c) a substrate supporting tray for removable 
mounting to the blade, whereby the tray is 55 
mounted to the bjade as the transfer means 
transfer substrates between the secondary 
storage and the chamber and is removed from 



the blade when the transfer means transfers 
substrates between the primary and second- 
ary storages. 

59. A transfer means as claimed in Claim 58, charac- 
terised in that the carrying blade includes a cer- 
amic upper layer, having a substrate supporting 
surface, and a ceramic lower layer. 

60. A transfer means as claimed in Claim 52, charac- 
terised in that the upper layer of the carrying 
blade has at least one vacuum port formed there- 
through and the lower layer includes a vacuum 
channel formed therein whereby, when the upper 
and lower layers of the blade are joined, together 
the vacuum port communicates with the vacuum 
channels so that a vacuum applied in the channel 
is communicated via the vacuum port to the sub- 
strate supporting surface of the upper layer such 
that a substrate supported on this surface is 
drawn onto the blade. 

61. A transfer means as claimed in Claim 59 or Claim 
60, characterised in that the carrying blade in- 
cludes at least one sensor operable to detect the 
presence of either the substrate or the tray as 
they are moved relatively towards the blade. 

62. A transfer means as claimed in Claim 61 , charac- 
terised in that the sensor formed in the carrying 
blade is a capacitive sensor having upper and 
lower portions formed respectively on the upper 
and lower layers of the blade. 

63. A transfer means as claimed in Claim 62, charac- 
terised in that one of the upper or lower portions 
of the capacitive sensor defines a generally 
closed hoop having an internal dimension greater 
than the outer dimension of the other of the upper 
or lower portions of the capacitive sensor where- 
by, when the upper and lower halves of the blade 
are joined together, an annulus is defined be- 
tween the upper and lower portions of the sensor. 

64. A transfer means as claimed in Claim 63, charac- 
terised in that the upper and lower halves of the 
blade are sintered together. 

65. A method of transferring a substrate in a sub- 
strate processing apparatus including a process- 
ing chamber, a primary substrate storage and a 
secondary substrate storage, the method com- 
prising the steps of: 

(a) providing a substrate transfer means hav- 
ing a mechanical arm, a generally flat sub- 
strate carrying blade at the leading end of the 
mechanical arm, and a substrate supporting 
tray; 
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(b) engaging a substrate in the primary sub- 
strate storage with the blade; 

(c) transferring the engaged substrate from 
the primary substrate storage to the second- 
ary substrate storage by means of the trans- s 
fer means; 

(d) mounting the tray onto the carrying bade; 

(e) engaging a substrate located in the sec- 
ondary storage with the tray and blade com- 
bination; and 10 

(f) transferring the substrate, engaged by the 
tray and blade combination, from the second- 
ary storage to the chamber by means of the 
substrate transfer means: 

15 

66. A method of transferring a substrate as claimed 
in Claim 65, further comprising the steps of: 

(a) providing a first sensor associated with the 
blade; and 

(b) sensing the proximity of the substrate, 20 
with the first sensor, as the blade engages the 
substrate in the primary substrate storage. 

67. A method of transferring a substrate as claimed 

in Claim 66, further comprising the steps of: 25 

(a) providing a second sensor associated with 
the blade; and 

(b) sensing the proximity of the tray, with the 
second sensor, as the blade engages the tray. 

30 

68. A method of transferring a substrate as claimed 
in any of Claims 65 to 67, further comprising the 
steps of: 

(a) providing a source of suction associated 

with the blade; and 35 

(b) applying suction to an inteface between 
the blade and the substrate when the sub- 
strate is engaged by the blade in the primary 
storage, whereby the substrate is held on the 
blade by means of the suction as the sub- 40 
st rate is transferred between the primary and 
secondary storages. 
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